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Background: The optic nerve (ON), a major component of the visual system, is 
divided into four segments: the intrabulbar (IB), the intraorbital (IO), the intraca-
nalicular (ICn) and the intracranial (ICr). The ICr ends with the two nerves partially 
decussating in the optic chiasm (OCh). The purpose of this study is to provide 
a detailed description of the dimensions of the OC (the diameter and the surface 
area of its foramina and the central segment, as well as the length of the OC and 
the thickness of its walls) as well as the ON (the length of the ON segments, the 
diameter of the ICn segment of the ON, the angle of decussation in the OCh, 
as well as the distance between the two ON at the cranial foramen of the OC). 
Materials and methods: The acquired data was then used to estimate the volu-
me of the OC and the ICn segment of the ON. The morphometric research was 
performed on 25 cadavers (17 male and 8 female) and 30 skulls. 
Results: The surface area of the central segment of the OC was significantly 
smaller than the cranial foramen (p = 0.02) and the orbital foramen (p = 0.009). 
The inferior wall of the OC was significantly shorter than the other OC walls 
(p < 0.0001). The IO segment of the ON was the longest, where the difference 
to the ICn and ICr was statistically significant (p < 0.0001). The surface area of 
the ON at the cranial foramen was significantly larger than the surface area at 
the central segment of the OC (p = 0.02) and orbital foramen (p  < 0.0001). 
The difference between the surface areas of the ON at the orbital foramen and 
the central segment of the OC was also statistically significant (p = 0.01). The 
estimated volume of the OC was calculated to be 190.72 mm3, and the volume 
of the ICn segment of the ON was estimated to be 50.25 mm3.
Conclusions: It is absolutely crucial to open the central segment of the OC when 
decompressing the ON, due to the narrowing of the OC in this segment. (Folia 
Morphol 2019; 78, 1: 39–46)
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INTRODUCTION
The optic nerve (ON) is the second cranial nerve 
representing a major component of the visual system. 
The ON is divided into four segments: the intrabulbar 
(IB), the intraorbital (IO), the intracanalicular (ICn) and 
the intracranial (ICr). The retina and the ON arise from 
the neuroectoderm [19]. The ON is approximately 
40 mm long [8]. The IB segment of the ON is located 
inside the eye bulb, from which the IO segment aris-
es, which itself extends to the optic canal (OC). The 
OC passes through the root of the lesser wing of the 
sphenoid bone, connecting the middle cranial fossa 
to the orbit. The length of the OC measures approx-
imately 5 mm [15]. The superior wall of the OC is 
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formed by a thin bony lamina separating the OC from 
the anterior cranial fossa. The OC is bounded laterally 
and inferiorly by the anterior clinoid process of the 
lesser wing [13]. Medially, the OC comes into contact 
with the sphenoid sinus and the sphenoethmoidal air 
cells [11]. The ICn part of the OC travels between the 
orbital and the cranial foramen of the OC, joined by 
the ophthalmic artery. The entrance of the ON into 
the middle cranial fossa marks the beginning of its 
ICr segment, usually 10 mm in length. The ICr ends 
with the two nerves partially decussating in the optic 
chiasm (OCh) [22]. The proximity of the bone to nerve 
fibers in the OC is a locus minoris resistentiae in the 
event of injury or any expansive processes affecting 
the ON. Decompression of the ON is one of the most 
common neurosurgical procedures in the OC [7]. 
Being highly knowledgeable of the anatomy of the 
OC and the ON is necessary in order to diagnose 
and treat diseases affecting the ON and the brain, 
paranasal sinuses, as well as the bones of the skull. 
The preoperative diagnostic approach to the OC and 
ON is based on modern radiological techniques, such 
as magnetic resonance imaging and computed to-
mography, while anatomical research methods (i.e., 
morphometry) can provide novel ideas in surgery of 
the OC and the ON. 
The main purpose of this study is to provide 
a detailed description of the dimensions of the OC and 
the ON. The specific aims of this study are to evaluate 
the size of the OC by measuring the diameter and the 
surface area of its foramina and the central segment, 
as well as the length of the OC and the thickness of its 
walls. The following measures of the ON were taken: 
the length of the ON segments, the diameter of the 
ICn segment of the ON, the angle of decussation in 
the OCh, as well as the distance between the two 
ON at the cranial foramen of the OC. The acquired 
data was then used to estimate the volume of the OC 
and the ICn segment of the ON. Such a description of 
the morphometric characteristics of the OC and the 
ON helps to expand what is known of the anatomy 
of the visual system, providing better orientation in 
surgery of this region. 
MATERIALS AND METHODS
For this study, morphometric research of the ON 
was conducted on 25 cadavers during autopsies at 
the Institute of Pathology, Faculty of Medicine, Uni-
versity of Belgrade. The research was carried out on 
17 male and 8 female bodies, of 46 to 78 years of age 
(the average age was 67.3). There was no evidence of 
brain pathology. The autopsy was performed no later 
than 10–24 h after the death. During the removal of 
the brain from the skull, the ONs were cut at the cra-
nial foramina of their OCs. Subsequent to this, both 
internal carotid arteries were transected, as well as the 
pituitary stalk, the oculomotor nerves and the attach-
ment of the tentorium. Finally, the cerebellum was 
released by cutting the remaining cranial nerves, the 
vertebral arteries, and the spinal cord. The brain was 
immersed in saline. In order to access the ICn and the 
IO segment, as well to make precise measurements, 
the following approach was used: after the removal 
of the orbital roof, the periorbita was opened and 
the contents of the orbit were removed along with 
the adipose tissue. The ON was transected near the 
wall of the eye bulb and the superior wall of the OC 
was removed. The ICn segment was transected at the 
orbital foramen of the OC in order to separate it from 
the IO segment. The length of the ICr segment was 
measured on the removed brain, while the length of 
the ICn and the IO segment was measured in situ. 
In addition, the diameter of the ICn segment was 
measured at the orbital and cranial foramen and in 
the central segment of the OC. The measurements 
were taken by a Vernier caliper (Fig. 1). 
The morphometric research of the OC was per-
formed on 30 skulls from the collection of the Insti-
tute of Anatomy, Faculty of Medicine, University of 
Belgrade (Fig. 2). The measurements were taken by 
an ocular micrometer from a Leica MZ6 stereomi-
croscope and by a Vernier caliper. All measurements 
(including both the ON and the OC) were taken by 
three researchers independently, with the intra-class 
correlation coefficient over 0.90 with a 95% confi-
dence interval (CI).
The surface areas of the foramina and the central 
segment of the OC were calculated using the math-
ematical formula for the surface area of an ellipse: 
a b p. The surface area of the ICn segment of the 
ON was calculated using the mathematical formula 
for the surface area of a circle: r2 p. The volume of 
the OC and the ICn segment was estimated using 
the mathematical formula for the volume of a cone 
frustum: ph/3 (R2 + Rr + r2). The calculations are ex-
plained in the following results section of this paper.
The standard statistical protocol for descriptive 
statistics was used, including a t-test for independent 
samples at 95% CI. The acquired data is laid out here 
in tables and figures.
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RESULTS
Measurements of the optic canal
The height and width of the orbital and cranial 
foramen of the OC, as well as its central part, are 
given in Table 1. According to the t-test, no statisti-
cally significant difference was found between the 
height and width of the right and left orbital foramen 
(p = 0.78), as well as the height (p = 0.5) and the 
width (p = 0.7) of the right and left cranial foramen. 
The same conclusion was reached when comparing 
the central segment of the right and left OC (p = 0.76 
for the width and p = 0.75 for the height). Therefore, 
the mean values of the right and left side were used 
in order to calculate the surface areas of the OC. The 
difference between the surface areas of the orbital 
and cranial foramen of the OC was found not to be 
statistically significant (p = 0.5), while the difference 
between the surface area of the orbital foramen 
and the central segment was found to be extremely 
significant (p = 0.009). Moreover, the difference be-
tween the surface areas of the cranial foramen and 
the central segment was also significant (p = 0.02).
Measuring the length of the OC walls required 
determining their boundaries. The inferior and lateral 
wall terminate on the lesser wing’s bone crest which 
separates the OC from the superior orbital fissure. It 
Figure 1. The optic nerve and the optic chiasm; A. The brain with the optic chiasm (OCh) and the intracranial (ICr) segment of the optic nerve 
(ON); B. The left ON in situ. IO represents the intraorbital segment of the ON. ICn represents the intracanalicular segment of the ON. AZ rep-
resents the remnants of the annulus of Zinn. a, b, and c mark the diameters of the ON at the cranial, central and orbital segment of the optic 
canal, respectively.
A B
Figure 2. The right optic canal (OC); A. View from the middle cranial fossa. a and b represent the height and width of the cranial foramen of 
the OC, respectively. The asterisk marks the anterior clinoid process, and the arrow marks the body of the sphenoid bone; B. Anterior view to 
the section through the central segment of the OC, with c and d representing its height and width, respectively. The asterisk marks the ante-
rior clinoid process, and the arrow marks the wall of the sphenoid sinus; C. View from the orbit. e and f represent the height and width of the 
orbital foramen of the OC, respectively. The asterisk marks the superior orbital fissure.
A B C
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was decided that the sutures connecting the lesser wing 
to the frontal and ethmoidal bones were to be used 
as boundaries of the superior and medial wall. These 
results are provided in Table 2. Given the fact that the 
difference in size of the foramina of the right and left 
OC was not statistically significant, it was then decided 
to display and analyse the range of the values of the 
OC walls’ length and thickness as the average of both 
sides. The medial wall was the longest, followed by the 
superior and lateral wall, with the inferior wall being the 
shortest. There was a statistically significant difference in 
the length of the inferior wall compared to other walls 
(p < 0.0001). The lateral wall was the thickest, followed 
by the medial and superior wall. The inferior wall was 
pneumatised in 70% of cases and compact in 30%. The 
thickness of a pneumatised inferior wall was similar to 
the superior wall, while the compact form was thinner 
from the lateral wall only. Comparing the lateral wall 
thickness to the medial, superior and pneumatised infe-
rior walls produced an extremely significant difference 
(p < 0.0001). Ultimately, the lateral wall was signifi-
cantly thicker than the compact inferior wall (p = 0.04).
Measurements of the optic nerve
As there was no statistically significant differ-
ence found between the measurements of the right 
and left ON, the decision was made to display and 
analyse the range of measurements as the average 
of both sides. The length of the ICr segment was 
defined as the distance from the central point of the 
OCh to the medial boundary of the ON at the cranial 
foramen of the OC. Measuring the length of the 
ICn segment proved to be a technical problem, due 
to the precise boundaries of the OC, whose length 
also determines that of the ICn segment. Since the 
OC walls are of differing lengths, the length of the 
shortest, inferior wall was accepted as the length 
of the ICn segment. For this purpose, the results 
obtained from the research on the skulls was used, 
owing to the fact that the inferior wall of the OC 
was covered by the ON, impeding its measurement. 
The angle of the ON decussation was measured 
between the medial edges of the nerves. The dis-
tance between the ONs was measured between 
their medial edges at the cranial foramen of the OC 
(Fig. 3). The length of the ICr and the IO segment, 
the angle of decussation and the distance between 
two ONs, as well as the accepted results for the 
ICn, are given in Table 3. The IO segment was the 
longest, where the difference to the ICn and ICr was 
statistically significant (p < 0.0001). Table 4 sets 
out the measured diameters of the ICn segment. 
The diameter grows from the orbital to the cranial 
foramen of the OC. The difference between the 
diameter of the ON at the cranial and the orbital 
Table 1. The range of the values of the optic canal foramina measurements. Mean values ± standard deviation are given in parentheses
Optic canal Left Right
Orbital foramen width [mm] 3.6–6.8 (4.86 ± 0.70) 3.8–6.9 (4.91 ± 0.71)
Orbital foramen height [mm] 3.5–6.9 (5.38 ± 0.68) 3.4–6.8 (5.43 ± 0.71)
Cranial foramen width [mm] 3.9–5.5 (4.85 ± 0.49) 4.2–5.6 (4.90 ± 0.51)
Cranial foramen height [mm] 3.7–6.6 (4.55 ± 0.56) 3.6–6.2 (4.65 ± 0.6)
Central part width [mm] 3.9–5.1 (4.35 ± 0.62) 4.0–5.2 (4.40 ± 0.64)
Central part height [mm] 3.2–6.1 (4.25 ± 0.61) 3.4–5.9 (4.3 ± 0.6)
Surface area of orbital foramen [mm2] 19.72 ± 2.25
Surface area of cranial foramen [mm2] 19.36 ± 1.87
Surface area of central segment [mm2] 18.13 ± 2.3
Table 2. The range of the values of the optic canal walls’  
measurements. Mean values ± standard deviation are given  
in parentheses
Medial wall length [mm] 10.34–15.26 (13.43 ± 2.06)
Superior wall length [mm] 10.11–14.72 (12.48 ± 3.24)
Inferior wall length [mm] 5.26–7.48 (6.41 ± 1.56)
Lateral wall length [mm] 6.34–9.37 (8.36 ± 1.83)
Medial wall thickness [mm] 0.28–0.8 (0.34 ± 0.08)
Superior wall thickness [mm] 0.27–0.34 (0.29 ± 0.06)
Inferior wall thickness [mm]
42 cases (70%):
18 cases (30%):
0.21–0.29 (0.26 ± 0.06)
2.6–3.2 (2.9 ± 0.16)
Lateral wall thickness [mm] 2.9–3.4 (3.0 ± 0.2)
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foramen was found to be statistically significant 
(p = 0.04); however, the difference between the 
diameter at the central segment of the OC and at 
the cranial foramen was found not to be significant 
(p = 0.31), including the orbital foramen (p = 0.1). 
The surface area of the ON at the cranial and orbital 
foramina, as well as the central part of the OC, was 
calculated by means of the mathematical formula 
for the surface area of a circle. The surface area of 
the ON at the cranial foramen was larger than the 
surface area at the central segment of the OC. This 
difference was found to be statistically significant 
(p = 0.02). There was also an extremely significant 
difference found between the surface areas at the 
cranial and orbital foramen (p < 0.0001). The dif-
ference between the surface areas at the orbital 
foramen and the central segment of the OC was 
statistically significant (p = 0.01).
The estimated volume of the OC and the  
intracanalicular segment of the ON
The volume of the OC was estimated to be the 
volume of the two cone frustums, due to the nar-
rowing of the OC in its central segment: the volume 
of the cone frustum between the cranial foramen to 
the central segment of the OC (V1) and the volume of 
the cone frustum between the central segment and 
the orbital foramen (V2) (Fig. 4). The mathematical 
formula for the volume of a cone frustum requires 
the radii of the two bases, as well as the height of 
that geometric shape. Even though the foramina and 
the central segment of the OC are not perfect circles, 
they were analyzed as such for the purpose of this 
calculation. Therefore, the mathematical formula was 
used for the surface area of a circle to calculate their 
radii from their previously calculated surface areas. 
Figure 4. The ratio of the diameters of the optic canal and the optic 
nerve at the orbital and the cranial foramen, as well as the central 
segment of the optic canal; Rc1 — the radius of the optic canal at 
its orbital foramen; rc — the radius of the optic canal at its central 
segment; Rc2 — the radius of the optic canal at its cranial foramen; 
Rn1 — the radius of the optic nerve at the orbital foramen of the op-
tic canal; rn — the radius of the optic nerve at the central segment 
of the optic canal; Rn2 — the radius of the optic nerve at the cranial 
foramen of the optic canal.
Figure 3. A schematic representation of the optic chiasm with the 
measurements taken; 1 — the length of the intracranial segment of 
the optic nerve; 2 — the angle of decussation of the two optic nerves; 
3 — the distance between the medial edges of the optic nerves.
Table 3. The range of the values of the optic nerve measurements. Mean values ± standard deviation are given in parentheses
Optic nerve Intracranial segment Intracanalicular segment Intraorbital segment
Length [mm] 7.2–14.1 (11.01 ± 1.82) 5.26–7.48 (6.41 ± 1.56) 22.7–33.4 (27.2 ± 2.43)
Angle of decussation of the optic nerves [o] 50–80 (66.27 ± 8.20o)
Distance between the two optic nerves [mm] 6.3–14.1 (11.59 ± 1.44)
Table 4. The diameters and surface areas of the intracanalicular segment of the optic nerve. Mean values ± standard deviation are given
Intracanalicular segment of the optic nerve At the orbital  
foramen
At the central part  
of the optic canal
At the cranial  
foramen
Diameter [mm] 2.98 ± 0.35 3.16 ± 0.43 3.34 ± 0.78
Surface area [mm2] 6.97 ± 1.31 7.84 ± 1.20 8.76 ± 1.53
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The estimated radius of the orbital foramen was 2.50 
mm, the central segment, 2.40 mm, and the crani-
al foramen, 2.48 mm. The average of mean values 
of the OC walls’ length was calculated, the result of 
which was subsequently divided by two. This value of 
5.08 mm was used as the height of the cone frustums. 
The estimated volume of the cone frustum between 
the cranial foramen and the central segment of the 
OC was 94.96 mm3, while the estimated volume of 
the cone frustum between the central segment and 
the orbital foramen was 95.76 mm3. Therefore, the 
estimated volume of the OC was calculated to be 
190.72 mm3.
The estimated volume of the ICn segment of the 
ON was calculated using the same formula. The com-
plete ICn segment was observed as a single cone frus-
tum, due to the stable growth of the nerve diameter 
from the orbital to the cranial foramen. The diameters 
of the ICn segment were divided by two in order to 
calculate the radii of the frustum, while the length 
of the ICn segment was the height of the frustum. 
The estimated volume of the ICn segment of the ON 
was calculated to be 50.25 mm3. 
The ratio of the diameters of the OC and ICn seg-
ment of the ON is provided in Figure 2.
DISCUSSION AND CONCLUSIONS
This study investigates the OC and the ON us-
ing morphometry as a standard anatomical research 
method. Modern diagnostic techniques adequately 
display the OC and the ON of the examined patient, 
while morphometric research possesses the advan-
tage of providing a three-dimensional understanding 
of the relation of the OC to the ON. 
The results of the measurement are in accordance 
with the data from reports in the literature (Table 5). 
The study presented here shows the cranial foramen 
to be elliptical with its width longer than its length, 
which is similar to the outcomes found by Berge 
and Bergman [2], as well as the results published by 
Kalthur et al. [12]. The orbital foramen was found to 
have a longer height than width, which is in accord-
ance to the results published by Berlis et al. [3], as 
well as Lang and Gehmann [16]. Although differing 
from our results, Chou et al. [5] reported the lateral 
wall of the OC to be the longest. According to their 
results, the central segment of the OC is the narrowest 
as they insist that it is necessary to open this segment 
of the OC during ON decompression. In addition, their 
research claims that the central segment of the me-
dial wall is the thinnest compared to other OC walls, 
Table 5. The measurements of the optic canal obtained by authors in the literature. Mean values ± standard deviation (where available) 
are given
Chou et al.  
(1995)
Govsa et al. 
(1998)
Ozturk et al. 
(1999)
Akdemir et al. 
(2004)
Hart et al. 
(2009)
Kalthur et al. 
(2015)
Number of optic canals 18 318 152 50 191 50
Medial wall length [mm] 13.63 ± 2.05 rt: 7.5 ± 1.5 
lt: 7.72 ± 1.41
rt: 10.7 
lt: 10.5
– 14.8 9.10 ± 1.46
Lateral wall length [mm] 8.78 ± 1.56 rt: 6.48  ± 1.61 
lt: 6.94 ± 1.84
rt: 9.9 
lt: 10.1
– 10.5 8.66 ± 1.31
Superior wall length [mm] 12.17 ± 4.05 rt: 6.66 ± 1.57 




Inferior wall length [mm] 12.58 ± 3.98 rt: 6.14 ± 0.94 




Orbital foramen width [mm] – rt: 4.93 ± 0.73 
lt: 4.55 ± 0.72
– rt: 5.12 ± 1.1 
lt: 4.95 ± 1.32
4.5 4.74 ± 0.47
Orbital foramen height [mm] – rt: 5.43 ±0.73 
lt: 5.25 ± 0.89
– – 4.9 5.70 ± 0.76
Cranial foramen width [mm] – rt: 4.91 ± 0.49 
lt: 4.71 ± 0.43
– rt: 7.43 1.95 
lt: 7.38 2.01
6.7 5.48 ± 0.76
Cranial foramen height [mm] – rt: 4.7 ± 0.79 
lt: 4.55  ± 0.65
– – 4.0 5.17 ± 0.81
lt — left; rt — right
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suggesting its vulnerability to trauma [5]. The central 
segment of the OC was found to be the narrowest, 
while Maniscalco and Habal [18] reported the distal 
segment of the OC to have the smallest diameter in 
their study on 83 OCs. These authors reported the 
values of the thickness measurement to be slightly 
larger than our results. The difference exists because 
they measured the wall thickness on the cadavers, 
calculating the dura’s thickness and the sinus mucosa 
together with the bone thickness [18]. Ozturk et al. 
[20] share the opinion that the distal segment of the 
OC is the narrowest.
The OC’s development is dictated by the devel-
opment of the anterior clinoid process. The first step 
in its creation is a cartilaginous foramen in the third 
month of foetal development. Thereafter, the car-
tilage ossifies and extends to the orbit. It the last 
2 months of the foetus, the anterior clinoid process 
is fully developed, marking the end of the OC’s devel-
opment [14]. Variations in the shape of the OC have 
been described in the literature. During its embryo-
logical development, the OC is separated from the 
superior orbital fissure by a bone crest created by the 
fusion of two primordial processes. The lack of fusion 
of these two processes causes the cranial foramen 
of the OC to be duplicated [4, 6]. The entire OC may 
also be duplicated [17]. These anomalies have not 
been observed in the material provided in this study. 
This study has not taken into account analyses of the 
anthropometric data of the bodies whose skulls were 
used for measurements; hence, any possible effects of 
the anthropometric parameters on the OC dimensions 
were unable to be calculated. 
Table 6 presents literature reports on the meas-
urements of the ON. Govsa et al. [9] performed 
a study on 116 cadavers, which found the distance 
between the two ONs to be larger than the ones of 
our study. The authors used the middle of the ONs as 
a reference point, while the medial boundaries were 
used in our study [9]. The angle of ON decussation 
that was measured for this study presented here is in 
accordance to the outcomes of the study conducted 
by Renn and Rhoton [23]. Research carried out here 
has concluded that the IO segment of the ON to be 
the longest, which is similar to data presented in 
the literature [21]. The ON diameter grew from the 
orbital to the cranial foramen of the OC. This growth 
in the diameter may be linked to fascicular fusion 
occurring in the ON on its way from the eye bulb to 
the OCh [22].
The ICn segment of the ON may be damaged due 
to nerve oedema, haematoma, injury to the neural 
microvasculature, cerebrospinal fluid circulation is-
sues as well as direct damage from bone fragments 
in an OC fracture. The basic mechanism of damage to 
the ON is due to compression of the nerve fibers [1]. 
Traditional surgical approaches to the OC, such as the 
transcranial approach, are replaced by endoscopic-en-
donasal approach [25]. The endoscopic approach to 
the OC requires adequate information on the degree 
of the OC’s exposure to the sphenoidal and ethmoidal 
sinuses, as well as its medial wall thickness. A com-
puted tomography scan may be used to determine 
the relation of the medial wall to the sinuses, thus 
enabling appropriate preoperative planning [10]. It 
is imperative to maintain visual function while oper-
ating on the OC and ON, which makes the relation 
of the nerve to the canal walls an important detail in 
OC anatomy [24]. A new method was herein utilised 
to estimate the volume of the OC and the ICn seg-
ment of the ON in order to describe their relation. 
Despite the fact that the estimated volume of the 
OC (190.72 mm3)  was nearly 4 times the estimated 
volume of the ICn segment of the ON (50.25 mm3), it 
is necessary to take into account their relation in the 
central segment of the OC. The narrowing of the OC 
Table 6. The measurements of the optic nerve obtained by authors in the literature. Mean values ± standard deviation (where available) 
are given.
Renn et al.  
(1991)
Peyman et al.  
(1980)
Slavin et al.  
(1994)
Govsa et al.  
(1998)
Ozturk et al.  
(1999)
Number of optic nerves 100 – 40 116 16
Intracranial segment length [mm] 12.2 10 – – –
Intracanalicular segment length [mm] – 4–10 10.74 ± 1.16 – –
Intraorbital segment length [mm] – 33 – – –
Angle of decussation of the optic nerves [o] 50–80 – – – 76.8
Distance between the two optic nerves [mm] – – – 15.24 ± 3.20 14.1
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in its central segment decreases the distance between 
its walls and the ON, making this point critical. Their 
close contact consequently explains why this segment 
of the ON is usually damaged in nerve oedema or 
subarachnoid haemorrhage. It is concluded that it 
is absolutely crucial to open this segment of the OC 
when decompressing the ON. Knowing precisely the 
microanatomic characteristics of the OC and ON is 
necessary not only in order to diagnosis correctly and 
provide adequate treatment, but to prevent intraop-
erative neurovascular injury as well.
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